When very high magnetic fields suppress the superconductivity in underdoped cuprates, an exceptional new electronic phase appears. It supports remarkable and unexplained quantum oscillations and exhibits an unidentified density wave (DW) state. Although generally referred to as a "charge" density wave (CDW) because of the observed charge density modulations, theory indicates that this could actually be the far more elusive electron-pair density wave state (PDW). To search for evidence of a field-induced PDW in cuprates, we visualize the modulations in the density of electronic states N (r) within the halo surrounding Bi2Sr2CaCu2O8 vortex cores. This reveals multiple signatures of a field-induced PDW, including two sets of N (r) modulations occurring at wavevectors QP and 2QP , both having predominantly s-symmetry form factors, the amplitude of the latter decaying twice as rapidly as the former, along with induced energy-gap modulations at QP . Such a microscopic phenomenology is in detailed agreement with theory for a field-induced primary PDW that generates secondary CDWs within the vortex halo. These data indicate that the fundamental state generated by increasing magnetic fields from the underdoped cuprate superconducting phase is actually a PDW with approximately eight CuO2 unit-cell periodicity (λ = 8a0) and predominantly d -symmetry form factor.
Cooper-pairs, if they have finite center-of-mass momentum Q P , can form a remarkable state in which the density of pairs modulates periodically in space at wavevector Q P [1, 2] . Intense theoretical interest has recently emerged [3] [4] [5] in whether such a "pair density wave" (PDW) state could, due to strong local electronelectron interactions [6] [7] [8] [9] [10] [11] , be another principal state along with uniform superconductivity in the phase diagram of underdoped cuprates. This has been motivated by numerous experimental observations that can be understood in that context. For example, although intraplanar superconductivity appears in La 2−x Ba x CuO 4 at relatively high temperatures, inter-planar superconductivity is strongly frustrated [12] in a fashion that could be explained by orthogonal unidirectional PDW states in each sequential CuO 2 plane [3, 13, 14] . Moreover, the measured momentum-space electronic structure of the cuprate pseudogap phase is consistent with predictions based on a biaxial PDW [4] . Reported breaking of timereversal symmetry could be due to a PDW with inversion breaking, either alone or entangled with a CDW [15] [16] [17] [18] . The field-induced momentum-space reconstruction and consequent quantum oscillation phenomenology may be analyzed in terms of a PDW state [19, 20] . At highest fields, strong diamagnetism in torque magnetometry [21] and supercurrents in DC transport [22] might both be understood as due to a field-induced PDW state. Most recently, scanned Josephson tunneling microscopy allows direct visualization of cuprate PDW modulations [23] . Taken together, these studies indicate that a PDW may exist in underdoped cuprates, with the most common model invoked being an eight unit-cell (8a 0 ) periodic modulation of the electron-pair condensate.
Such a PDW state clearly does not predominate at low temperature in zero magnetic field where global d -wave superconductivity is robust. However, application of high magnetic fields appears to destabilize cuprate superconductivity towards an unidentified DW state [24] [25] [26] [27] [28] [29] [30] [31] coincident with unexplained quantum oscillations [32, 33] . Among the peculiar characteristics of this DW are that, while magnetic fields amplify its intensity dramatically, this only occurs when superconductivity is present [24] [25] [26] [27] [28] [29] [30] [31] ; and that it emerges at highest fields as a distinct but unidentified long-range ordered state [28] [29] [30] [31] . For type-II superconductors in general, application of magnetic field generates quantized vortices. Moreover, translational symmetry breaking is known to occur in the "halo" region surrounding the cuprate vortex core [34] [35] [36] [37] , leading to a variety of hypotheses for the identity of the primary field-induced DW state therein [5, [38] [39] [40] [41] [42] [43] . Among them is the possibility that this state is not a conventional CDW but, instead, could be a PDW [4, 5, 39, 42, 43] . This is a fundamental distinction because the PDW and CDW are extremely different states in terms of broken symmetries and arXiv:1802.04673v2 [cond-mat.supr-con] 14 Feb 2018 many-body wavefunctions, and because the wavevector of observed charge modulations [24] [25] [26] [27] [28] [29] [30] [31] [32] could actually be 2Q P , where Q P is the true wavevector of the pair density wave state. Thus, to determine whether the primary field-induced state of cuprates is a PDW has recently become an urgent research challenge.
To search for evidence of such a state, we study the field-induced modulations of the density of electronic states N (r, E) within the halo surrounding quantized vortex cores [34] [35] [36] [37] . Any periodic modulations of electronic structure can be described by A(r) = AF (θ) cos(Q · r + φ 0 ), where A(r) represents the modulating electronic degree of freedom with amplitude A, Q is the wavevector, and F (θ) is the modulation form factor. Of relevance here, is that an s-symmetry form factor F s (θ) is even under 90
• rotations whereas a d -wave form factor F d (θ) is odd. The order parameters we consider are those of homogenous d -wave superconductivity ∆(r) = F SC ∆ SC with F SC = F d , and that of a pair density wave ∆ P D (r) = F P ∆ Q P [e iQ P ·r + e −iQ P ·r ] with wavevector Q P and either type of form factor (see Materials & Methods Section 1, Ref. [44] ). A field-induced PDW may be identified based on Ginzburg-Landau (GL) analysis [5] of the interactions between these two OP within the halos of suppressed but non-zero superconductivity, that surrounds vortex cores. Given a generic GL free energy density of the form
where F ∆ SC and F δ A are the free energy densities of a superconductor and of an alternative repulsively-coupled (u 1 > 0) state ∆ A , observation of coexistence of ∆ A with ∆ SC within the vortex halo [34] [35] [36] [37] already contains important information (Materials & Methods Section 2, Ref. [44] ). This is because the second state can only be stabilized in the halo region if the two ordered states are almost energetically degenerate [38] . Such a near degeneracy occurs most naturally between a superconductor ∆ SC and a PDW ∆ Q P that are made up of the same electron-pairs. In this case, N (r) modulations generated by interactions between them can be found from products of these order parameters that transform as density-like quantities. The first of these is the product of PDW and uniform SC order parameters
resulting in N (r) modulations at the PDW wavevector Q P . Thus, a PDW induced in a vortex halo [5, 42, 43] should produce the effects represented by Eqn. 2 and shown schematically in Fig. 1A . Of key relevance to this study is the product of a robust PDW with itself:
because this combination produces N (r) modulations occurring at 2Q P . Moreover, one would expect the N (r) modulations at Q P and 2Q P to coexist if a PDW is induced in a vortex halo, as shown schematically in Fig. 1B . Thus, a key signature of a field-induced PDW would be the appearance in vortex halos of N (r), and thus charge density, modulations occurring at Q P and simultaneously at 2Q P .
In theory, significant further information can be determined from measured rates of decay of the induced N (r) modulations away from the vortex center, and from the form factors of these modulations within the vortex halo. For a field-induced PDW, the N (r, E) modulations at 2Q P should decay at twice the rate as those at Q P . This is because, if ∆
decays with |r| at twice the rate of ∆ Q P ∆ * SC , as shown schematically in Fig. 1B . More importantly, while the N (r, E) modulations at 2Q P due to ∆ Q P ∆ −Q * P are always of F s form factor because they are the product of two identical order parameters, if the N (r, E) modulations at Q P due to ∆ Q P ∆ * SC are predominantly of s-symmetry form factor (F s ), this would reveal that the PDW order parameter ∆ Q P has a d -symmetry form factor (F d ), and vice versa (see below and Material & Methods Section 3, Ref. [44] ). Overall then, since microscopic theory predominantly predicts a d -symmetry form factor PDW for cuprates [6] [7] [8] [9] [10] [11] , its signature in a vortex halo should be two sets of N (r) modulations occurring at Q P and 2Q P , both having predominantly s-symmetry form factors, and the amplitude of the latter decaying twice as rapidly as that of the former.
To explore these predictions, we image scanning tunneling microscope (STM) tip-sample differential tunneling conductance dI dV (r, V ) ≡ g(r, E), versus bias voltage V = E/e and location r with sub-unit-cell spatial resolution. We follow the procedure of the classic Hoffman experiment [34] in which N (r, E) is measured at zero field and then at high magnetic field B in the identical field of view (FOV) using an identical STM tip. The former is subtracted from the latter to yield the field-induced changes δg(r, E, B), which are related to the field-induced perturbation to the density of states as δN (r, E, B) ∝ δg(r, E, B). In this study, the range of this technique is greatly extended by enhancing both the r-space resolution using smaller pixels and the q-space resolution by using larger FOV, by increasing the numbers of vortices, by using distortion-corrected sublattice-phase-resolved imaging [45] , and by measuring in a far wider energy range. Specifically, the g(r, E, B) are measured at T = 2K for slightly underdoped Bi 2 Sr 2 CaCu 2 O 8 samples (T c ≈ 88K; p ≈ 17%)) and for 0 < |E| < 80meV in magnetic fields up to B = 8.25T in a 65nmx65nm field-of-view. The g(r, E, B) data are acquired in precisely the same FOV using an identical STM tip at B = 0 and B = 8.25T. Then, each image is distortion corrected [45] to render the atomic lattice perfectly periodic, and finally registered to each other within every CuO 2 unit cell with ∼30 pm precision (see Materials & Methods Section 4, Ref. [44] ). The two resulting g(r, E, B) data sets are subtracted to yield the field-induced effects on electronic structure in δg(r, E, B) = g(r, E, B) − g(r, E, 0). This final key step results in studying phenomena that are uniquely those induced by magnetic fields [34] , and with the signatures of the ubiquitous d -symmetry form factor DW that occurs in all samples at B = 0 having been subtracted.
The location of every vortex halo in δg(r, E, B) images is next identified by using two well-known phenomena: (i) suppression of the superconducting coherence peaks (Fig.  2B ) and, (ii) appearance of periodic conductance modulations at |E| < 16meV [34] [35] [36] [37] . Figure 2C shows measured δg(r, 10meV) = g(r, 10meV, 8.25T) − g(r, 10meV, 0T) and illustrates excellent agreement with previous studies of low conductance modulations with [34] [35] [36] [37] . In this study, we focus on a different energy range 25 < |E| < 50meV because, as shown in Fig. 2B , the other major changes between a typical conductance spectrum at zero field (solid curve) and that at the center of a vortex at the same location (dashed curve), occur in this energy range (Materials & Methods Section 5, Ref. [44] ). In Fig. 3A we show measured δg(r, 30mev) containing the modulations detected surrounding the centre point of each vortex core. Fourier analysis of this δg(r, 30meV) yields δg(q, 30meV) as shown in Fig. 3B , with the immediate discovery of four sharp peaks at
2π/a 0 which we label Q P for reasons explained below. Similarly, there is a second set of weaker modulations in δg(q, 30meV) at
/a 0 which we label 2Q P . The measured r-space amplitude-envelopes of the Q P and 2Q P modulations shown in Figs. 3C,D reveal how these field-induced phenomena are confined to the vortex halo regions only. Averaged over all vortices, the measured amplitude δg(q, 30meV) plotted along (1,0) in Fig. 3E discernibly discriminates the Q P from the 2Q P peaks. Thus, we discover strong field-induced modulations of N (r, E) with period approximately 8a 0 coexisting with weaker modulations of period approximately 4a 0 , along both the (1,0);(0,1) directions within every vortex halo. These phenomena exist within the energy range 25 < |E| < 45meV.
To evaluate form factor symmetry for these field-induced modulations, we separate each such δg(r, E) image into three sublattice images [45] : Cu(r, E), contains only the measured values of δg(r, E) at copper sites and O x (r, E) and O y (r, E), contain only those at the x/y-axis planar oxygen sites. Here it is important to emphasize that all of these form factors refer to modulations in δg(r, E, B) and are not necessarily those of the order parameter of the field-induced state that generates them. Complex-valued Fourier transforms of the O x (r, E) and O y (r, E) sublattice images, yield
at Q, while those with s-symmetry form factor F s generate a peak in Figs. 3A ,B are analyzed in this way using measured S δg (q, 30meV), the field-induced δg(r, E)-modulations occurring at Q ≈ (±Q P , 0); (0, ±Q P ) and Q ≈ (±2Q P , 0); (0, ±2Q P ) all exhibit s-symmetry form factors. However, the measured D δg (q, 30meV) in Figs. 4A,B also reveals that additional d -symmetry δg(r, E)-modulations occur at Q ≈ (0, ±Q P ) and Q ≈ (0, ±2Q P ). They too are confined to the vortex halo as indicated by the r-space amplitude-envelope of the 2Q P -modulations in D δg (q, 30meV) as shown in The four maxima at |q| ≈ 1/8, |q| ≈ 1/4, |q| ≈ 3/4 and |q| ≈ 7/8 due to the field induced modulations are evident. The measured form factor of each set of modulations is identified by color code, red being s-symmetry and blue d -symmetry. Although modulations at |q| ≈ 7/8, |q| ≈ 3/4 (blue Fig. 5A-D) appear subdominant, they do merit comment. First, they are not inconsistent with a small s-symmetry component in the PDW order parameter as described by Eqns. 2 and 3 with form factor F s . However, these phenomena may also represent a field-induced version of the unidirectional d -symmetry form factor N (r, E) modulation, as observed extensively in zero field [45] .
Nevertheless, the predominant phenomena detected are the two sets of s-symmetry form factor modulations at Figs. 5A-D) . The former s-symmetry modulation is key because, when induced by ∆ −Q P ∆ * SC , it is caused by a PDW order parameter ∆ −Q P which has d -symmetry. Equally importantly, after subtraction of a smooth background, the widths δq of all |Q P | ≈ 1/8 peaks are about half of the |2Q P | ≈ 1/4 peaks, as determined quantitatively by fitting as shown in Figs. 5A-D. Averaged over the two directions (1,0) and (0,1) and energies E = ±30meV, we find that δ(2Q P ) = (1.8 ± 0.2)δ(Q P ) consistent with a field-induced PDW (Fig. 1) [5, 42, 43] . As an additional marker of a field induced PDW we consider whether in the locally-defined energy gap ∆(r) modulates as ∆(r) = ∆ SC + ∆ P cos(Q P · r). Empirically ∆(r) is defined by the energy of the peaks in N (r, E) (horizontal arrow in Fig. 2A ). In that case, the field-induced changes to the gap are defined as δ∆(r) = ∆(r, 8.25T) − ∆(r, 0T) (Materials & Methods Section 6 Ref. [44] ). When measured, δ∆(r) yields a Fourier transform δ∆(q) as shown in Fig. 5E . This reveals a field-induced gap modulation at Q P and not at 2Q P , as is expected specifically for a primary field-induced PDW at Q P .
In sum, results shown in Figs. 3-5 indicate that, in Bi 2 Sr 2 CaCu 2 O 8 , a field-induced pair density wave state emerges from the halo region surrounding each quantized vortex [5, 42, 43] . The principal experimental signatures are two sets of N (r) modulations occurring at Q P and 2Q P , both having s-symmetry form factors, and the amplitude of the latter decaying twice as rapidly as that of the former. This inferred PDW has period very close to 8a 0 , is apparently bi-directional (see Materials & Methods Section 7, Ref. [44] ) and has d -symmetry form factor. A range of important consequences stem from these observations. First and foremost, the primary state induced by high magnetic fields in superconducting cuprates is then a PDW with wavevector Q P , and it is accompanied by secondary charge modulations at Q P and 2Q P . Second, the 8a 0 periodicity points towards a strong-correlation driven microscopic mechanism for this PDW [6] [7] [8] [9] [10] [11] . Third, because the PDW is enhanced by increasing magnetic field, our data imply that the high-field state of cuprates might itself be a PDW state [4] and, if so, it is likely phase fluctuating and intertwined with an additional CDW component. Finally, putting all such conjectures aside, we emphasize that the experimental observations in Figs. 3-5 are in excellent, detailed and quantitative agreement with theoretical models [5, 42, 43] specifically of a field-induced primary PDW with d -symmetry and wavevector Q P , that generates secondary CDWs at Q P and 2Q P , within the cuprate vortex halo. of BiO termination layer of the Bi2Sr2CaCu2O8 sample used in these studies. It contains the locations of ∼6000 individually identified Cu sites and ∼12000 individually identified O sites within the CuO2 plane beneath this surface. The displacement of every specific atomic site in this field of view between zero field and B = 8.25 Tesla was constrained by post processing of all low/high field data sets to be ∼ 30 pm. (B) Measured differential tunneling conductance spectrum g(r, E = eV ) ≡ dI/dV (r, V ) at the symmetry point of a vortex core (dashed line) and at the identical location in zero field. There are two energy ranges where the introduction of the vortex impacts N (r, E), at low energy (yellow) where Bogoliubov quasiparticle modulations are well known [34] [35] [36] [37] and near the gap edge 25< E <50 meV which is the energy range studied here. (C) Measured δg(r, 12meV) = g(r, 12meV, B = 8.5T) − g(r, 12meV, B = 0T) showing the four-unit-cell periodic pattern of quasiparticle states surrounding vortex cores in Bi2Sr2CaCu2O8 [34] [35] [36] [37] . Vortices are easily located thus, as with the four shown clearly in this FOV. (A) ) showing the maxima in the field induced N (r) modulations occuring at QP and 2QP . A unidirectional d-symmetry form factor charge density modulation, as observed extensively in zero field [45] , would have such characteristics, as would an s-symmetry form factor PDW. These modulaton did not appear in Fig. 3 because, in that unprocessed δg(r, E) data, they occur at Q ≈ (0, ±7/8)2π/a0 and Q ≈ (0, ±3/4)2π/a0 due to their d-symmetry form factor [45] Inset shows | δg(q, −30meV)|. The s-symmetry field induced N (r) modulations at QP and 2QP are almost particle particle-hole symmetric (insets (B),(D)) in the sense that N (r, E > 25meV) = N (r, E < −25meV) for these two wavevectors. This situation is diametrically opposite to the phenomenology of the d-symmetry form factor DW observed at zero field [45] . (E) Fourier transform δ∆(q) of measured δ∆(r) = ∆(r, 8.25T) − ∆(r, 0) (Materials and Methods Section 5, [44] ). The observed peaks revealing field induced gap modulation occur at points indistinguishable from QP . The peak along (1, 1) direction is at the wavevector of the crystal supermodulation, where the gap modulations due to unit cell geometry changes are well known. (F) Schematic representation of a bi-directional PDW with d-symmetry form factor induced within a vortex halo that is consonant with the data in this paper.
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MATERIALS AND METHODS
For our studies, high-quality Bi 2 SrCaCu 2 O 8+δ single crystals were grown using the travelling-solventfloating zone (TSFZ) method. The samples are of Bi 2.1 Sr 1.9 CaCu 2 O 8+δ and were synthesized from dried powders of Bi 2 O 3 , SrCO 3 , CaCO 3 and CuO. The crystal growth was carried out in air and at growth speeds of 0.15-0.2 mm/h for all samples. Inductively coupled plasma (ICP) spectroscopy was used for the composition analysis and a vibrating sample magnetometer (VSM) was used for measurement of T c . Here we studied samples of Bi 2 SrCaCu 2 O 8+δ with hole doping p ≈ 0.17. Each sample was inserted into the cryogenic ultra high vacuum of the SI-STM system and cleaved to reveal an atomically flat BiO surface. All measurements were performed at a temperature of 2K. The basic spectroscopic imaging STM consists of lock-in amplifier measurements of the differential tunneling conductance with sub-unit-cell resolution and register, as a function of both location r and electron energy E. We vary the applied magnetic field perpendicular to the CuO 2 planes of the samples using a superconducting solenoid with a highly stable persistent current/field.
SUPPLEMENTARY TEXT
Order Parameter Description of Pair Density Waves
Phenomenologically we can describe pair density wave (PDW) states by expanding the pairing amplitude in order parameters,
whereψ † σ (r 1 ) creates a quasi-particle of spin σ at location r 1 and r = (r 1 + r 2 )/2. ∆ Qx P and ∆ Qy P are PDW order parameters. They are complex scalar fields which carry momenta Q x and Q y running along orthogonal directions x and y.
Here we have chosen to consider a tetragonal system with quasi two-dimensional order so that the PDW wavevectors lie in the square planes of the tetragonal lattice. We will first consider PDW with axial wave-vectors Q ±x and Q ±y that run along the two symmetry equivalent Cu-O directions in the CuO 2 planes.
The function F (r 1 −r 2 ) is the form factor of the PDW. Because the axial wave-vectors break rotational symmetry means the form factors are not themselves sufficient to determine which irreducible representation of the point group the PDW transforms as. However, if F (r 1 − r 2 ) is even under 90
• rotation then the PDW can be termed to have an s-wave form factor whereas if it is odd it has a d -wave form factor.
Induced Orders at Superconducting Vortex
In this section we describe how an order parameter that competes with superconductivity can be induced at superconducting vortices. Following reference [38] , the Ginzburg-Landau free energy functional describing the competition between uniform superconductivity and another order parameter is given by
where ∆ SC is a complex scalar field representing the uniform superconducting order parameter and and ∆ A is a field representing a competing order such as PDW or CDW. For the case of competing order we focus on here u 1 > 0.
The superconducting contribution to the free energy is given by its usual form
(S3) where A is the magnetic vector potential and ξ is the superconducting coherence length. The contribution from the competing order is given by
It is shown in reference [38] that if and only if the subdominant competing order is sufficiently close in energy to the uniform superconducting phase is there a halo around superconducting vortices where the two orders coexist. Such a near degeneracy between uniform superconductivity and 8a0 PDW (and lack thereof with 8a0 CDW) has been demonstrated in numerical studies of the t-J model [10] . Moreover, the other alternative, an 8a 0 SDW order has not been reported in field-dependent neutron scattering.
Form Factor of N (r, E) Modulations resulting from PDW
In the main text we report the observation of a PDW through its attendant N (r, E) modulations. Be-cause N (r, E) is a gauge invariant quantity, whereas the pairing-amplitude is not, the modulation wavelengths and form factors of the attendant N (r, E) modulations follow directly from, but are not the same as, those present in the pairing amplitude.
We can form a gauge invariant quantity from pairing amplitude by taking its modulus |∆(r 1 , r 2 )|. For simplicity let us consider a PDW of the form
where D(r 1 − r 2 ) is a d -wave form factor. Gauge invariant quantities derived from this, such as N (r, E), would modulate as
where S(r 1 − r 2 ) is an s-wave form factor. Thus, the N (r, E) modulation resulting from a d -wave PDW of wavevector Q will be s form factor and have wave-vector 2Q. Now consider the case relevant to the vortex halo where PDW and uniform d -wave superconductivity coexist. The pairing amplitude can now be written
(S8) where ∆ SC is the uniform superconducting order parameter. Taking the modulus of the pairing amplitude to find the periodicities present in the N (r, E) we obtain (omitting uniform components)
Thus, the N (r, E) modulations attendant to d -wave superconductivity coexisting with a d -wave form factor PDW at wavevector Q are s-wave form factor at wavevectors Q and 2Q in agreement with the findings of the main text. If, instead the PDW had an s-wave form factor then the attendant N (r, E) modulations at Q would have had a d -wave form factor.
Sub-Unit-Cell Resolution Field Dependent Imaging
To demonstrate the high precision of spatial registration between the data sets taken at B = 0T and B = 8.25T, we show in figure S1 the processed topographic images acquired simultaneously with the spectroscopic maps analyzed in the main text. These data sets were taken 2 weeks apart in the same region of the sample. The raw data for all data sets were phase corrected using the Lawler-Fujita distortion-correction algorithm [45] , mapping the data onto a perfectly periodic lattice free of lattice distortions due to systematic measurement effects. A morphing scheme was then implemented to register all data sets in the same field of view (FOV) to one another with ≈ 30 picometer precision. This method allows meaningful subtraction of high and low field data to detect magnetic field induced differences of the electronic structure at the sub-unit-cell scale.
Energy Dependence of δg(r, E)
In figures S2 A-D we show δg(r, E) for E = +30, +10, −10, −30meV respectively. Each clearly shows magnetic field induced changes in the density of states at spatially isolated sites corresponding to superconducting vortices.
Measuring Gap Modulations
To detect the field induced gap modulations reported in figure 5E of the main text one needs to measure the gap as a function of position for both B = 0T and B = 8.25T. For each position r i in a given differential conductance map we estimate the gap as follows:
• Find the E i that has the maximal value of g(r i , E i , B) for E > 0 and denote this E ∆ .
• Fit a quadratic function to the set of the points {E ∆−1 ,E ∆ ,E ∆+1 } and let the value of E at which these functions are maximal be denoted ∆(r i , B).
The field induced gap modulations are the revealed by calculating δ∆(q) = FT{∆(r i , B = 8.25T) − ∆(r i , B = 0T)} (where FT denotes the Fourier transform) as shown in figure 5E of the main text.
Bidirectional vs. Unidirectional PDW
In the main text we show evidence that in Bi 2 Sr 2 CaCu 2 O 8 a magnetic field induces an 8a 0 period PDW with approximately equal amplitude along both Q x and Q y when averaged over the entire field of view. If there is no long range spatial phase coherence between the PDW halos induced at each vortex, this phenomenology can arise from two scenarios.
In the first scenario, each vortex halo contains a unidirectional PDW of the form ∆ P D (r 1 , r 2 ) = D(r 1 − r 2 ) ∆ To distinguish between these scenarios we must establish whether the modulations along Q x and Q y coexist in each vortex halo or are spatially exclusive. To this end we can calculate the function F (r) = A Qx (r) − A Qy (r) A Qx (r) + A Qy (r)
where A Qx (r) is the local amplitude of N (r, E) modulations at wavevector Q, as determined using the procedure given in reference [46] . This function measures the local imbalance in amplitude along Q x and Q x . In the case of a bidirectional PDW the distribution of F values in the vortex halos should be centered on F = 0 with a standard deviation much less than 1. In the case of a unidirectional PDW which randomly picks one of two directions in each halo the distribution should have significant weight near |F | = 1.
In figure S3 A we show g(r, +30meV) masked so as to only show a 10nm region around the center of each vortex. In figure S3 B we show the corresponding map of F (r) derived from A. While each vortex does show some amplitude imbalance in favor of one Q x or Q y , this imbalance is small, indicating that Q x and Q y modulations coexist within each vortex halo. In figure S3 C we show the histogram of F values from all pixels within 10nm of a vortex center. This shows distribution of F values centered on F = 0 with a standard deviation of 0.08. While it has been shown that in the presence of disorder it is difficult to distinguish unidirectional and bidirectional density wave states in g(r, E) [47] , the distribution in figure in figure S3 C is most consistent with a bidirectional state. 
